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ABSTRACT

Background: Afractylodes radix is a well-known medicinal crop having many physiological effects. This study was conducted to
select useful Atractylodes japonica x Atractylodes macrocephala (AJM) cultivars by comparing anti-oxidative and anti-inflamma-
tory efficacies.
Methods and Results: Seven extracts from AJM cultivars were used to treat lipopolysacchride (LPS)-treated BV2 cells, and the
effects on cell viability and inhibition on reactive oxygen species (ROS) and nitric oxide (NO) production were analyzed. In vitro
scavenging activities of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and peroxynitrite (NOO") radicals were also investigated. Contents
of total phenol, atractylenolide I, and atractylenolide III in the AJM extracts were measured using high performance liquid chroma-
tography (HPLC) or spectrophotometry. The experiments show that none of the seven extracts was cytotoxic above 89.2% at 20 -
250 pg/ml. Extracts of Gowon, Dawon, Sangchul, and Huchul inhibited ROS generation in a dose-dependent manner, and Sangchul
extract showed the highest inhibition on ROS production. All the AJM extracts showed effective inhibitory activity after on NO
release in the LPS-treated BV2 cells, and Sangchul extract showed the highest activity. Sangchul extract had the most potent scav-
enging activities for NOO™and had some DPPH radical scavenging effect. Sangchul extract also had the highest content at total phe-
nol and atractylenolide I content. Atractylenolide III was not detected in the AJM extracts.
Conclusions: The results suggested that Sangchul was the most useful anti-oxidative and anti-inflammatory resource among the
AJM cultivars.

Key Words: Atractylodes, Cultivars, Anti-inflammation, Anti-oxidation

x
2

Hrh

I8y 93 o E s AHE EAANAET (reactive
AAAQ] WA= ZAE Al Hzo] oA s oxygen species, ROS)°|Y} nitric oxide (NO)S A4 Zol %=
WA el 7] AA|NA Fag TS stal A £S5 A 4 AT (Murphy, 1999; Apel and Hirt, 2004;
ASE3 98-8 A2 3Tl (Mogensen, 2009). G Aktan, 2004; Bogdan, 2015). ROSE Aol HF3 Mo 5
-2 9% =2 ulZlAl (pro-inflammatory mediator)2}t S APEAT)7] e 95 vEE A HE U | EEZE
A 704 (anti-inflammatory mediator)2] B]&<2] ZH& glofoll A YA =] J AR T, superoxide dismutase (SOD)L} &
Hhgo] 2 Eo], AlZko] AU S Whgo] FoSA ZbsiAlel] ol hlEA] Fatal AR Yol 3HRgk ROSE &

1O

offt oo ofN Ipy o
39
o

(
==

TCorresponding author: (Phone) +82-43-871-5782  (E-mail) herbin3@korea.kr
Received 2018 August 29 / 1st Revised 2018 September 18 / 2nd Revised 2018 October 11/ 3rd Revised 2018 October 22 / Accepted 2018 October 29
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

391



Hott - MY - O - 4R - AN

g Mz DNA 725 I3 = J°H (Aruoma, 1998;

Bayr, 2005; Murphy, 2009), &/d1kge] 2802 <la) Al
o] Apd s @ASHA] ®T} (Simon ef al., 2000).

Axzel dF REF AHE F8 AEIIES
interleukin, nitric oxide synthase (iNOS), cyclooxygenase 2
(COX-2), tumor necrosis factor-alpha (TNF-0) 5°] )™
B Aol dF vl ik AE AEE AREEoA]
ATt (Kapoor ef al, 2011). A, AWHEE HF S
&3l Hok A W W 2gol Hofsie Hl, o ke 2
ARG Ado] glom, of2fd AFHY AL d=slo]
ol A#Ado]l At} (Frischer ef al, 2009; Glass et al.,
2010).
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o] It} (Meng ef al., 2010; Cho ef al, 2016).
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2 B3I (Jeong et al., 2018). ©|&
A3k AFEI| oah FEAT9L
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Table 1. Yields of the extracts prepared from Atractylodes
japonica X A. macrocephala (AIM) cultivars.

Name of Powdered = Weight of the e
cultivar sample (g) extract (g) Vield (%)
1 Cowon 248.69 47.17 19.00
2 Gochul 210.00 54.65 26.00
3 Dawon 271.67 59.62 21.90
4 Dachul 260.00 77.16 29.70
5 Sanwon 299.93 61.87 20.60
6 Sangchul 281.13 36.70 13.10
7 Huchul 310.00 54.96 17.70
YANEAAIY QFEAT FEABNAELNN FAE
AL AR Ao=M AlH F 50CHZETINM 4 A7 Ax
sto] FEE Aol ARSI
AZE AT ESS A7 BT F 50% e o83
of g2olx] 24 AT AR FE7E F o8l o7t
H FEdL2 719571 (N-1200B, Eyela, Japan)s ©]8-31
50Ce] 2ezdoln oehe-S SUAA 53 the, 30C &
= 279) $AU21E o183} 4 Y AR F AFREE
o] &S ST (Table 1).
2. Ao

B AZE 98] A8H A2 Z Dulbecco’s minimum
essential media (DMEM), fetal bovine serum (FBS)&
Thermo Fisher Scientific (Waltham, MA, USA)IA ¢

3% 3L, sodium carbonate= Kanto Chemical (Tokyo,
Japan)ll A, 22-diphenyl-1-picrylhydrazyl (DPPH), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide (MTT),

2',7'—dichlorofluorescin  diacetate (DCFDA), lipopolysaccharide
(LPS), dimethyl sulfoxide (DMSO), penicillin & streptomycin
(PEST), diethylenetriaminepentaacetic acid (DTPA),
acid, 3-morpholinosydnonimine (SIN-1), dihydrorhodamine
123 (DHR123), sulfanilamide®} N-1-napthyl-ethylenediamine
dihydrochloride (NED), Folin-Ciocalteu reagent, atractylenolide
I, atractylenolide Il Sigma Aldrich (St. Louis, MO,
USA)ol A Y3+ 2™, phosphate buffer saline (PBS)+=
WelGene (Gyeongsan, Korea)oll4 T3ttt

tannic

3. MIEZ U ot
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slod i d= At (Block ef al., 2005).
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readeroﬂ A & (excitation 485nm / emission

=g8lgch.

5
saline

microplate
530 nmyS- =4

6. NO M Kolls =M

BV2 A|EFE 2x 10°cellyml H]&E 48 well plateol] &
ZF3 oS 24 A7) HjekE & 2 A7HE9r A
gl viRlE AAT & SEE
LIRS o=

24 A7) SN 500 A 96 well
transparent plate©l] 1% sulfanilamide 50 /£ <}
0.1% N-1-napthyl-ethylenediamine dihydrochloride (NED)
50 (= 2} 7hste %%L?‘J T 520 m 20N FREE S
A319.0M NO ¥

= (nitrite)?] SH==ZHE FHE A
A2 s
€ No9 &

A2 = =18 O

YT TEEw
0.5 ug/ml =2 LPSS

ke

[e] [e)
T Sde

7F welle]
wA "L

>

F2E Aoe) FYE 2gae] A4
sk,

Can
=5 AL

7. DPPH 2lC|lZ o Hs 24

Al T2 =222 gt gk 2AASS Sls)
93] Lee 5 (2010)9] WHol we} okl 1.5x 104M2]

H-

DPPHE 39 & H3E%F% 20, 40, 100, 250, 500 wg/ml o]

T2 DMSOd Ho] A A FE2ES 718 EFsIe
H, 3 & 333 =4 (Cary-300, Agilent Technologies,
Santa Clara, CA, USA)E ©]&3t> 517mm 3Pgollx F3%
S =

] ‘/] SR el =2 I_‘:‘__TL]—I:

(%)= HERI.

&5
T

U dz=de] 3= g

2t
LR

ool
3
o]

393

et
ol

2
Ol

7t

0

8. Peroxynitrite 2Hs 244
AT FF] peroxynitrited] et 27w EAE 96

Rhodamine buffer®} diethylenetriaminepentaacetic acid (DTPA),

dihydrorhodamine 123 (DHR123), 3-morpholinosydnonimine
(SIN-1)2- ©]&3}] reaction bufferS Xﬂ.:_Ob_’_ M FEE

&3tsle] 96-well black plated] £33+ 5 5 5-@ HLP%/\]?] T
EAFEAE o]&3l] microplate readero| A &
485nm, emission: 530nm)S 43R oH
(g/ml) X2 A3t

ICso
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Folin-Ciocalteu &
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FEE SHsleH
acid®] &34= o3 4
< Aeiaich
10. 2 AEHZ2
A =8 A4
Ny z+ =iz =
A8
Atractylenolide [
UPLC BET C8 (1.7/m, 2.1x100uM) ZAHo]
UPLC (Waters Acquity, Milford, MA, USA)?IA water (A)
9} acetonitrile (B)2 mobile phaseZ 3&}o] #2A x7]ol&=
A:B H[ES 60:400F AZFsl] 14 2714, 10:902.2 H
733t oA 15 B7HA] 10:9002 FA|A]7]= gradient
system& &3l B30 7452 04 ml/minl 2 74
SF93L, injection volumeS 1 /£, column/sample temp. =71
2 25CE sl BA51t
Atractylenolide I UV (214nm) detector®} Acquity
UPLC BET €8 (1.7/m, 2.1x100puM) Z#o] A=
UPLC (Waters Acquity, Milford, MA, USA)IAl water (A)

atractylenolide 134 atractylenolide
Fe W) ) ABEAS

UV (260 nm) detector®}  Acquity
el

9} acetonitrile (B)2 mobile phaseZ 3}o] X z7|d= A
B HIES 60:4022 AlFsle] 3 & 59 fAg & 10 &

ZE0:10002 WAAZIAL, B4 12 2 57t 0: 10002 4]
%= gradient system2 Z-83F3ATE 452 0.4 ml/minE -
A 8IS AL, injection volume 1 /4, column/sample temp. =
7L 25C= BA313t
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Aoz AL Axt (n=3)2] FAZH FJALS Student's t-
test2 <13}ALE, SAS program (version 9.4, SAS Institute
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50% oEgeEE F=E O]'Oq Ao A (Arractylodes
Japonica x A. macrocephala, AIM)2] F5H FEE9 57&&

543 Ao, Zhzbe] Fel met 13.1%5E 29.7%71A19)

go] & 151041‘/} (Table . 7 72 F5 F 4E°] 13.1%
2 7P FE0] WAL, tEol 29.7%E & 7P =
A=A, 1%“111 il F79] FE5E2 15-25% ARel9]
TES Bk §, o5 FEEY] 782 ﬁ@ =l &g
A=A %ﬁlﬂvﬂ% & = M od F & Aols
Hlwe = AUk
2. U5 SBY FESO MEBAE

MTT assayS ©]-83to] BV2 AlZ F2ol vA= A5 #
T FEEY TS AP 49, LpS v Jﬂ ARAoA Al
Z32 o] FemeAl AsjEN o, A FE=3 LPS7F &
A HelE AEES X2EH EE FE (20-250 ug/ml)olA
LPS T A2tHT} 89.2% ool AlEFA &S Yepllth
(Fig. 1.).

LPSE I3 4] AlE o] 74 BES shield,
AW HE24 (endotoxin) 5 SPLEZA] Q12T =], BV2

o

AE7} M AEZZA o]zfd+ LPS|
LOTAl HaL, o] 2 Qe Al A2
AR AT FEE AR ol dF
=45 dstelo A2E BHske A8
AT} (Raetz and Whitfield, 2002).
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lﬁo}oq ROS *M%CE =43} LPS7}
controll] Tgh WME-E&=Z YeERNQITE 2 Qﬂr
LPS T X2 dollA ROS| F2lv]dh S715 HeC

0 4 Y LPSe| °J3l] =¥ ROS4] *ﬂ*é%

oro
o

o
FEL

% olEHor Adshe AL #AY & AT (Fig 2.).
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B metal-chelating 283} caffeic acid, ferulic acid,
protocatechuic acid 5] =AM st F2]7]-AA2R80]
Hyggloma B A-toxe] A52] gilslede didsEls
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Ayt &
2012).
ShA| R,
ROS A4S &3k human leukemia cells®] apoptosisE -f-
T3 gYAIZA ] 7R BASkAl ATt (Huang ef al.,
2005) A ol AT FE5S 85t e A
F5o A A A0 v 89dEe] FEE

gul

1 A57F dasirar AYzber

At (Kim and Chung, 2002; Li et al.,

=LA}
T

=4 (Atractylodes macrocephals Koidz)=
SKe

=

-

A|-7< IEZ]Hd 7_<

=z __I NO AIIA-I x-'@“:
BV2 AZe] tis] LPS AZE NO AL
LPS ©= *j2]¥ BV2olA & o= NO7t S7hgt
A AAAT, A FF FEES AT AP0NA
= 45;4_5 NO AAJo] 7Z+AsH= Zo] delx)
(Fig. 3). LPSe] ¥h3-3F BV2:= ROS % NO F&mi7/l &2
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s #ﬂ’\]ﬂbﬂl, M FEE ARG LPSE FAlOl A
ZeiE ™ NO A4 Asjads By 59, 4=, IS,

thelo] & S5 NO A4 AsiEsE Rtk Nok
o3} BAE 2§ vhe] HEF, TS gloid e
BelsoR Fad TS U AT 520 ol
g Ageld FHAH 7o}
(Bredt, 1999).
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EZ3Y FE29| DPPH s

DPPHE 54 A& o] aitst Azt vhg-ato] zpayela
g ow WAlshA = o]H gk WAle] JEE SAst] Al
B U ks 4SS S8 A} (Kedare and Singh,
2011).

w A7l A F5 75829 DPPH 2715
Rg W, 4=E2 DPPH &A%5°] 7HE &7 S48 =0 o]
W= thldd) $5& 250 pgml 7HA] FE oEFOR FUt
ke A4S EATH (Fig 4.).
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Z=9| peroxynitrite (ONOO ) HS
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1025 pgml 2 7P =
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Fig. 1. Effects of AJM cultivar extracts on LPS-treated BV2 cell viability. BV2 cells
(2 x 10° celliwell) in 48 well plate, were successively treated with the final
concentration of AJM cultivar extracts from 20 to 250 pg/ml for 2 hours, and
0.5 ug/ml LPS for 24 hours. After all of the treatment, cell viabilities were measured
via MTT assay. A; Gowon, B; Cochul, C; Dawon, D; Dachul, E; Sangwon, F;
Sangchul, G; Huchul. Statistical analysis was performed using Student’s t-test
(*p < 0.05; **p < 0.01; and ***p < 0.001).
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Fig. 2.
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2. Effects of AJM cultivar extracts on reactive oxygen species (ROS) production of
LPS-teated BV2 cells. BV2 cells (5 x 10* “cell/well) in 96-well

late were

successively treated with AJM cultivar extracts for 24 hours, and 0.5 zg/ml LPS for 12
hours. After all of the treatment, fluorescences were measured via DCFDA stalnlng
assay. A; Gowon, B; Gochul, C; Dawon, D; Dachul, E; Sangwon, F; Sangchul, G

Huchul. Statistical anaIyS|s was performed using Student’s t-test (* p < 0.05; **p <
0.01; and ***p < 0.001).
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Fig. 3. Effects of AIM cultivar extracts on nitric oxide (NO) production of LPS-treated

BV2 cells. BV-2 cells (2 x 10° cells/ml) in 48-well plate were treated with AJIM
cultivar extracts for 2 hours and 0.5 rg/ml LPS for 24 hours. Supernatants of the
wells were analyzed on NO contents via measuring the absorbance at 520 nm. A;
Gowon, B; Gochul, C; Dawon, D; Dachul, E; Sangwon, F; Sangchul, G; Huchul.
Statistical analysis was performed using Student’s t-test (*p < 0.05; **p < 0.01;
and ***p < 0.001).
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Fig. 4. DPPH radical scavenging assay of AJM cultivar extracts. Samples were reacted
with DPPH reagent for 3 minutes, The absorbances of the reactants were measured
at 517 nm. A; Gowon, B; Gochul, C; Dawon, D; Dachul, E; Sangwon, F; Sangchul,
G; Huchul. Statistical ana|y5|s was performed using Student’s t-test (* p < 0.05;
*#%p < 0.01; and ***p < 0.001).
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Table 2. Peroxynitrite scavenging activity and total phenol content
in AJM cultivar extracts.

Peroxynitrite Total phenol
Cultivars scavenging activity content

(ICs0, 18/mb) (mg/g of extract)
1 Gowon 85.10+2.00¢ 8.54+0.22¢
2 Gochul 102.50+1.60° 5.59+0.29'
3 Dawon 76.00+1.60°  10.30+0.38"
4 Dachul 89.50+2.00¢ 7.63£0.41°
5 Sanwon 94.60+1.80" 5.68+0.22'
6 Sangchul 72.80+2.10°  14.01=0.25°
7 Huchul 82.50+1.40¢ 9.59+0.62°

*Values are mean=standard deviation (n = 3) and those with
different alphabet within the same marker are significantly different at
p < 0.05 by Duncan’s Multiple Range Test (DMRT).

Table 3. Contents of atractylenolide | and atractylenolide Il in
AJM cultivar extracts.

Atractylenolide | Atractylenolide Il

Cultivars

(mg/g ext.) (mg/g ext.)
1 Gowon 262.9+35.4¢ ND
2 Gochul 292.9+49 2b¢ ND
3 Dawon 273.7+57.4b¢ ND
4 Dachul 290.1+50.7" ND
5 Sanwon 272.4+52.8" ND
6 Sangchul 490.7+91.8° ND
7 Huchul 377.1+43.5" ND

*Values are mean = standard deviation (n = 3) and those with
different alphabet within the same component are significantly
different at p < 0.05 by Duncan’s Multiple Range Test (DMRT). ND;
Not detected
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